Summary The benzodiazepine receptor agonists (BzRAs) a melatonin receptor agonist and a histamine antagonist have all been approved as hypnotics. Beyond their differing mechanisms of action, they have differences in pharmacokinetics, and among the BzRAs differences in receptor subtype affinity and formulations, which provides the physician with broad options for tailoring therapy to each patient's specific needs. Consistent with their specific pharmacokinetics and formulations, these Food and Drug Administration-approved hypnotics have been shown to improve sleep with no evidence of tolerance development in long-term use. In addition, emerging data indicate these drugs also improve aspects of daytime function. Their side effects are either associated with the direct sedating effects of the drugs, doses greater than clinical doses, or a combination with alcohol or other sedating drugs. Anxiolytic BzRAs, sedating antidepressants and antipsychotics have been used off-label as hypnotics. However, in the absence of information regarding their dose range for efficacy and safety, their use as hypnotics is ill-advised.
Introduction
There is misperception and misinformation among patients and medical professionals regarding insomnia and appropriate pharmacotherapy for insomnia. The morbidity of insomnia and the potential for successful treatment are not fully recognized. Thus, a majority of people with insomnia have not discussed it with their physician, either because they merely did not mention it or were not asked about it. In a representative study, only 21 % of people with insomnia reported discussing their sleep problem with their physician and only 5 % received treatment [1] . But that is not to say people with insomnia do not want relief for their insomnia, because many report self-treatment. In several different population-based studies the rate of over-the-counter medication use ranged from 10 to 29 %, and the use of alcohol as a sleep aid was between 10 and 28 % [2] [3] [4] . When being treated medically, a variety of pharmacological agents are used by physicians to treat insomnia, including those agents approved by the Food and Drug Administration (FDA) for insomnia, as well as medications that have sedating side effects, but have not been systematically studied for their effectiveness and safety in insomnia.
This article will review the pharmacology, efficacy, and safety of the various agents used to treat insomnia. It should be noted that there is very limited hypnotic efficacy and safety information for some of the drugs physicians use for insomnia, and there is virtually no information for many of the various agents used in self-treatment. On the other hand, for the FDA-approved hypnotics, there is adequate efficacy and safety information, but the majority of studies have been conducted in primary insomnia. By definition, primary insomnia is not associated with any other comorbid condition, and it only represents a small proportion of all insomnia. It is estimated that 85 to 90 % of insomnia is associated with a comorbid condition [5] , which includes psychiatric disorders with depression (being the most common), medical disorders (particularly those associated with pain), other sleep disorders, and circadian rhythm disorders.
The major issue is that the effective dose range of the various drugs for primary insomnia may not apply to comorbid insomnia in that the dose range may be either too low or too high. Pain conditions and some psychiatric disorders may require higher doses, whereas combination of hypnotics with other sedating drugs that are being used to treat the comorbid disorder may require lower doses of the hypnotic. Unfortunately, studies of insomnia pharmacotherapy in comorbid insomnia are very few and a limited number of comorbid conditions have been studied. No studies have assessed the effective dose ranges or treatment regimens for comorbid insomnia.
Benzodiazepine Receptor Agonists

Pharmacology
The benzodiazepine receptor agonists (BzRAs) have been the drugs of choice for the treatment of insomnia since their introduction approximately 50 years ago (see Table 1 ). Some of these drugs have a benzodiazepine chemical structure, whereas others do not. However, they all share the characteristic that they occupy benzodiazepine alpha receptors of the gamma-aminobutyric acid (GABA) A receptor complex, hence their name of BzRAs [6] . Occupation of the receptor results in opening the chloride ion channel and facilitation of the inhibitory action of GABA, which is a widely distributed, inhibitory neurotransmitter in the central nervous system (CNS). BzRAs act allosterically, meaning that GABA must also be present on the receptor complex for BzRAs to have their inhibitory effects, which in part explains their wide therapeutic index (e.g., efficacy to safety ratio) [7] . In contrast, the barbiturates and barbiturate derivatives, which the BzRAs replaced have narrow therapeutic indices and act directly at the receptors on the GABA complex without the need for the presence of GABA. The BzRAs include drugs that have the benzodiazepine chemical structure (i.e., flurazepam, triazolam, temazepam, estazolam, and quazepam), and those that do not, but yet act at the benzodiazepine receptor (i.e., zolpidem, zaleplon, eszopiclone, zolpidem CR, and zolpidem sublingual) (see Table 1 ).
The BzRAs differ on 2 pharmacologic dimensions (i.e., their pharmacokinetics and their alpha receptor subtype affinity). As to pharmacokinetics, all the BzRAs are rapidly absorbed having a Tmax of 0.5 to 2 h, which accounts for their capacity to hasten sleep onset. In contrast, they differ widely in half-lives and the half-life is predictive of the likelihood of producing residual effects (see "Safety" section as follows). Among the benzodiazepine BzRAs, only triazolam has a short half-life. Temazepam and estazolam have intermediate half-lives, whereas flurazepam and quazepam have long half-lives. All of these intermediate and long-acting benzodiazepines have been shown to have residual effects (see "Safety" section as follows). Among the nonbenzodiazepine BzRAs, zolpidem and its different formulations, and zaleplon, have ultra short or short half-lives, whereas eszopiclone has an intermediate half-life.
The other major pharmacological difference among the BzRAs is in their alpha receptor subtype, binding affinity [8] . For the alpha receptor of the GABA A complex, 6 subtypes have been identified [8] . All of the benzodiazepines demonstrate similar affinity to the alpha 1, 2, 3, and 5 receptor subtypes. In contrast, zolpidem and zaleplon have a higher affinity for alpha 1 than the other subtypes. Eszopiclone shows a decreased preference for the alpha 1 subtype, having a greater affinity to alpha 2 and 3. Although knock-in genetic data from animal studies suggest differential effects associated with the different alpha receptor subtypes, this has not been directly demonstrated in human studies. However, based on the animal studies, it is hypothesized that alpha 1 mediates sleep promotion and amnesic effects, whereas alpha 2 and 3 are involved in anxiolytic and possibly antidepressant effects. In human studies, eszopiclone, which has alpha 2 and 3 affinities, has been shown to augment an antidepressant response in patients with insomnia comorbid with depression [9] , as well as an anxiolytic response in patients with insomnia comorbid with generalized anxiety disorder (GAD) [10] . In contrast, identical studies performed with zolpidem CR failed to produce this augmentation [11, 12] . Recall that zolpidem has mostly an alpha 1 affinity.
Efficacy
The hypnotic efficacy of the FDA-approved BzRAs has been well-documented using objective (nocturnal polysomnography) and subjective measures of sleep induction, maintenance, and duration in clinical trials, as well as in meta-analyses of trials using various benzodiazepines and zolpidem. Thus, it can be concluded that they are effective [13] [14] [15] [16] . Importantly, the hypnotic effects have been shown to be dose-related and the studies have been conducted in both young and elderly adults [15, 16] . Depending on their different pharmacokinetics (i.e., Tmax and T1/2) and dose, the BzRAs induce and maintain sleep. The FDA indications given to the benzodiazepine BzRAs are mostly general or all-inclusive as to insomnia subtype (i.e., "for treatment of insomnia" or "for treatment of insomnia including sleep onset, sleep maintenance, and early awakenings"). Among the nonbenzodiazepines, FDA labeling is more specific, and zaleplon, zolpidem, and zolpidem sublingual are specifically indicated for sleep induction, whereas eszopiclone and zolpidem CR are indicated for both sleep induction and sleep maintenance. A new low dose (1.75 and 3.5 mg) buffered zolpidem formulation has been recently approved for treating insomnia characterized by difficulty falling asleep after an awakening in the middle of the night [17] . With several important exceptions, the majority of efficacy studies have been short-and intermediate-term in duration (i.e., ≤6 weeks), and given a paucity of controlled long-term data, and many uncontrolled clinical observations, tolerance development has remained an area of controversy. Tolerance is defined as the loss of effects with repeated use of a stable dose, or the need to increase a dose to maintain effects for repeated use. Several recent doubleblind, placebo-controlled studies using self reports have shown eszopiclone is effective for 6 to 12 months of nightly use [18, 19] . And in a recent double-blind, placebocontrolled nocturnal polysomnography study, zolpidem remained effective for 8 months of nightly use [20] .
Even among the earlier shorter-term studies, in a majority of the studies the hypnotic remained effective for the study duration. A closer inspection of the data of the studies reporting tolerance development reveals that the sleep of the drug-treated group remained stable with duration of time, whereas the sleep of the placebo group improved, with the result being statistically significant group differences were lost at the end of the study, suggesting that tolerance had developed. This point is best illustrated from the data of a study of the non-BzRA hypnotic remelteon [21] . The placebo group improvement may have reflected a placebo response, or more likely a sleep hygiene effect (i.e., adherence to a regular sleep schedule, avoidance of alcohol, and so forth) required by the study restrictions of the clinical trial.
An insomnia diagnosis requires not only sleep difficulty, but also an associated daytime impairment or distress.
Patient reports of quality of life, work impairment, absenteeism, daytime fatigue, and daytime sleepiness have all found impairment among people with insomnia relative to age-matched healthy controls. The fact that hypnotic efficacy should not only provide proof of improved nocturnal sleep, but also improved daytime function, is now receiving more attention in studies assessing pharmacotherapy for insomnia. A few studies have shown that the improvement in nocturnal sleep is associated with improvement in some aspects of daytime function. For example, in a 6-month study of eszopiclone, self-reports of daytime alertness, ability to function during the daytime hours, and physical well-being, showed improvement in the eszopiclone-treated group versus the placebo-treated group [18, 19] .
Safety
Adverse reactions to BzRAs in clinical practice and clinical trials are generally mild, short in duration, and occur in a minority of patients. Many of the adverse effects of BzRAs are mediated by their desired pharmacological activity (i.e., sedation) [22] . In a study of hospital inpatients receiving hypnotics, the rate of adverse events was 1 in every 10,000 doses [23] . The major adverse effects are discussed as follows.
Residual Effects
Residual effects refer to the experience of impaired function in the morning after using a hypnotic. It is important to recognize that all BzRAs can impair many aspects of human performance while there are significant plasma concentrations. Assessments have included laboratory tests, such as digit symbol substitution, simple and complex reaction time tests, measures of daytime sleepiness (i.e., such as the Multiple Sleep Latency Test), and on-the-road automobile driving. At peak plasma concentration, assessed in the daytime or at night during an awakening, the degree of impairment relates to dose and time since ingestion [24] [25] [26] . The duration of the impairment and likelihood that it will extend to daytime, which defines residual effects, relates to the half-life and dose of the hypnotic. Intermediate and long half-life drugs are more likely to exhibit residual effects [27, 28] . However, even short half-life drugs, taken at high doses, beyond the therapeutic dose, can produce residual effects. Such effects have been reported with 20 mg of zolpidem and 0.5 mg of triazolam, both doses being greater than the clinically recommended dose [28] .
Falls
Falls in the elderly are often considered a special case of psychomotor impairment associated with BzRAs, either due to elevated peak plasma concentrations or residual effects. However, data suggest that falls in the elderly is not a significant BzRA risk among insomniacs. First, falls in the elderly are not unique to BzRAs and when controlling for comorbid diseases are not independent risk factors [29, 30] . Second, in a survey of the elderly living in community dwellings, the risk of fractures was associated with sleep problems after controlling for demographic variables and concurrent medical diseases [31] ; among nursing home residents, the unique risk for falls was insomnia and not BzRAs [32] . Thus, the risk of falls in the elderly associated with BzRAs is actually less than untreated insomnia. However, given an awakening during peak plasma concentration, there is a clear increase in ataxia associated with BzRAs.
Amnesia
An inability to remember information presented after drug administration, termed anterograde amnesia, is a characteristic of all BzRAs [33] . It can be due to either attention failures and or both attention and consolidation failures in the memory process. The severity of amnesia is related to plasma concentration at the time of stimulus presentation, which is determined by dose and time since drug ingestion. As to mechanisms for the amnesia, animal knock-in studies have shown that the benzodiazepine alpha 1 receptor of the GABA A complex mediates both sleep and amnesia [34] . As there are currently no BzRAs that do not bind to the alpha 1 receptor, all available BzRAs are associated with amnesia. Beyond specific BzRA receptor pharmacology, many sedating drugs with other pharmacological mechanisms also produce amnesia, which is reported to occur with sedating antidepressants, sedating antipsychotics, antihistamines, and alcohol [35] . Finally and more fundamentally, sleep itself is amnesic. People do not recall information presented during sleep, during brief awakenings from sleep, or during the sleep onset process. Words presented every minute during the sleep onset process are not remembered from the 5-minute time point on prior to electroencephalographic signs of sleep onset [36] . Furthermore, if sleep onset is delayed for 15 minutes after an awakening that is 90 minutes after triazolam, then the memory for items presented during the awakening is similar to a placebo. Memory is preserved relative to the rapid sleep onset induced by triazolam after the awakening in a nondelayed sleep onset condition [33] . Although there have been reports of "global" amnesia (i.e., a total loss of memory for events during the previous 24 h when awake and functioning after taking BzRAs), these have not been systematically verified or studied.
Rebound Insomnia
The most frequently reported discontinuation effect associated with the BzRAs is rebound insomnia, which is defined as worsened sleep for 1 or 2 nights after discontinuation relative to baseline [37] . Rebound insomnia should be distinguished from recrudescence, which is the return of insomnia to its baseline level of severity. In addition, rebound insomnia should be differentiated from a withdrawal syndrome, which is the expression of new symptoms beyond the return of the original symptom. The most important determinant of rebound insomnia is dose. Clinical doses are rarely associated with rebound, whereas doses greater than the clinical dose are more likely to produce rebound [38] . The duration of use of clinical doses is also not associated with an enhanced likelihood of rebound. Several long-term studies have now shown that 6 months of eszopiclone (3 mg) or 12 months of zolpidem (10 mg) were not associated with rebound [18, 39] . The incorrect assumption behind the clinical lore is that rebound is the expression of a withdrawal syndrome, which is not the case. In the small percentage of patients showing rebound after 12 months of a clinical dose of zolpidem (10 mg), there were no withdrawal signs and symptoms [39] . Furthermore, rebound was seen after 1 to 2 nights of a supra-clinical dose of triazolam (0.5 mg), and as well with zolpidem (15 mg), which do not produce withdrawal signs and symptoms [40] . A final determinant of rebound is the half-life of the drug, with the short-and intermediate-acting drugs more likely to produce rebound. Furthermore, rebound is unlikely to occur with long-acting drugs because of the gradual decline in plasma concentrations inherent to their pharmacokinetics. After short-and intermediate-acting drugs, rebound can be avoided by tapering the dose [37] .
It has been suggested that the experience of rebound insomnia leads to continued chronic use of the hypnotic; importantly, a study directly tested this notion, and showed that the experience of rebound insomnia, induced by 1 week of nightly triazolam (dose, 0.50 mg) did not alter the subsequent likelihood of self-administering triazolam (dose, 0.25 mg) [41] . In summary, although rebound insomnia is a reliable effect associated with "high" doses of BzRAs, its clinical significance, if any, has yet to be identified.
Abuse Liability
For a long time there has been concern that behavioral and/ or physical dependence develops with chronic use of BzRAs, which leads to their abuse. There is little question that individuals with a drug abuse history will abuse BzRAs. However, the important question is whether the use of BzRAs will lead to abuse among patients without such a history. The concern is based on reports of physical and behavioral dependence with long-term daytime anxiolytic use of therapeutic doses of BzRAs [42] . [18, 39] . The clinical reports of BzRA withdrawal involve supra-clinical doses and longer durations of use (18-90 months) [43] . Epidemiological studies indicate that the majority of hypnotic users report using hypnotics for 2 weeks or less and rarely escalate the dose beyond what was initially prescribed [44] .
Short-term studies (1-2 weeks) directly testing the behavioral dependence liability of BzRA hypnotics suggest that they have a low behavioral dependence liability. Hypnotic self-administration by insomniacs is not associated with dose-escalation when provided an opportunity to self-administer multiple capsules nightly [45] , it does not increase with rebound insomnia [36] , it does not generalize to daytime use [46] , and it varies as a function of the nature and severity of the patient's sleep disturbance [47] . To our knowledge, the only prospective study directly testing behavioral dependence during long-term use (i.e., 12 months) found no evidence of dose escalation in tri-monthly assessments during the 12 months of nightly use [48] . On the other hand, in both the short-term and long-term studies those insomniacs in the placebo groups did increase their placebo "dose" [45, 48] . In other words an ineffective hypnotic (i.e., placebo) is dose escalated. In 2 studies of short-acting BzRAs taken after an awakening in the middle of the night, the hypnotic was taken approximately 4 nights per week and the dose was not escalated during the 4-week study [49, 50] . Taken together, these studies suggest that hypnotics are used for a therapeutic purpose, even when used long term. Nightly use of a stable hypnotic dose does not reflect behavioral dependence.
On the other hand, there are clinical reports and safety reports of behavioral and/or physical dependence on BzRA hypnotics. For this reason, the FDA has designated BzRA hypnotics as controlled substances, giving them a schedule IV designation, which indicates these drugs have a known abuse liability. How the clinician, when prescribing hypnotics, should monitor patients for signs of potential abuse is discussed as follows.
Amnesic Parasomnia Episodes
Reports of parasomnia-like episodes with associated amnesia have appeared in the literature, which has led the FDA to issue a "black-box" warning on certain medications for insomnia. The behaviors reported have included sleep eating, sleep walking, sleep driving, and even violent behaviors [51] [52] [53] [54] [55] [56] . They have been reported with zolpidem, zaleplon, triazolam, and zopiclone (a drug not available in the United States). As these case and safety reports are submitted to the FDA, the true incidence of these phenomena and the circumstances in which they occur is unclear because the rate of exposure in the population is unknown. Also, because there are no systematic, controlled data, what mediates these events is also unknown. A review of the case report literature suggests that the occurrence of parasomnia-like events is associated with high doses (i.e., doses much greater than the clinical dose), sleep deprivation, and co-ingestion of alcohol and other CNS depressant drugs [57] .
Melatonin Receptor Agonist (Ramelteon)
Pharmacology
The 1 melatonin receptor agonist approved as a hypnotic is ramelteon. There is a large animal literature showing that the circadian rhythms of sleep and wake are controlled by the suprachiasmatic nucleus (SCN), which contains both MT1 and MT2 receptors. The SCN receives input from the optic nerve in regard to the presence of light, and its output to CNS sleep/wake systems is an alerting, wake-promoting signal. The MT1 receptor is thought to attenuate the alerting signal of the SCN and thereby the occupation of the MT1 receptor decreases sleep latency. The MT2 receptor is thought to have phase-shifting properties, meaning it has the potential to alter the timing of sleep and wake [58] . Remelteon, the 1 approved melatonin agonist, has a rapid onset of effect having a Tmax of 0.75 h, and it has an ultra-short half-life of 1-2.6 h (see Table 1 ). Remelteon does have an active metabolite with a longer duration of action.
Efficacy
Remelteon has an FDA indication for sleep onset insomnia. This indication is supported by self-report and polysomnographic studies showing that sleep onset is hastened along in a dosage range of 4 to 32 mg [59] [60] [61] [62] [63] [64] , although the indicated clinical dose is 8 mg. The incidence or insomnia increases in the elderly, and studies of remelteon have been conducted in elderly primary insomniacs, which show its efficacy in this population [60, 61] . Tolerance to sleep onset-inducing effects did not develop in the 6-to 12-month studies that have been conducted [63, 64] . Interestingly, unlike the BzRAs, polysomnographic measures of efficacy show a more robust effect than patient reports. Remelteon has not been shown to improve sleep maintenance, which would be predicted given its ultra-short half-life. Finally, there is some evidence that remelteon also has a phase-shifting capacity, given that it also acts at M2 receptors [65] .
Safety
In the clinical trials of remelteon (8 mg), the adverse events report included somnolence, fatigue, dizziness, and nausea, all occurring at rates <5 % [59] . Given its short half-life, residual effects would not be expected and have not been observed [66, 67] and at the clinical dose, rebound insomnia has not been shown [68, 69] . In regard to the abuse liability of remelteon, a withdrawal syndrome has not been seen when it was discontinued [69] , and based on behavioral assessments of abuse liability, no liability was seen [67, 70] . Consequently, remelteon is not classified as a controlled substance.
Histamine-1 Antagonist (Low-Dose Doxepin)
Pharmacology Doxepin is a tricyclic antidepressant that is frequently used off-label as a hypnotic in antidepressant doses (25-150 mg) . In this dose range, doxepin has anti-histaminic, anticholinergic, antiserotonergic, and anti-adrenergic effects [71] . In the CNS, histamine is a major alerting neurotransmitter and doxepin has its greatest affinity for the H 1 histaminic receptor, which when antagonized, it produces sedating effects. At the doses approved for insomnia (3 and 6 mg), doxepin is thought to be a relatively pure H 1 antagonist, without anticholinergic, antiserotonergic, and anti-adrenergic activity. The Tmax for doxepin is relatively long and its half-life, as well as its active metabolites, are similarly long (see Table 1 ).
Efficacy
The FDA indication given to low-dose doxepin is for sleep maintenance insomnia. This is consistent with the pharmacokinetics of doxepin and the limited efficacy data available. Doxepin has been shown in both adults and the elderly to maintain sleep, particularly in the last 2 h of the night, unlike the BzRAs [72, 73] . Doxepin does not produce residual effects, which given its half-life, seems counterintuitive. It is hypothesized that the normal circadian raise in histamine in the morning, recall histamine is a major alerting neurotransmitter, overriding the sedative effects of doxepin in the morning [74] . As the clinical trials have all been short-and intermediate-term (≤3 months), it is not known whether tolerance develops with long-term use.
Safety
In the clinical trials, the adverse events associated with lowdose doxepin were quite similar to those seen with a placebo [71] [72] [73] [74] . The anti-cholinergic side effects typically seen with antidepressant doses were not seen with 3 and 6 mg. Doxepin is not a scheduled drug and is considered not to have an abuse liability. However, these considerations are based on antidepressant doses that have the additional and considerably aversive anticholinergic side effects. Low-dose doxepin with its hypothesized H 1 antagonistic activity and absence of aversive anticholinergic effects may have a mild abuse liability. H 1 antihistamines, such as diphenhydramine do have a behavioral dependence liability, albeit quite low [75] . The issue of dependence remains to be evaluated more thoroughly before definitive caution is raised regarding lowdose doxepin.
Other Off-Label Drugs Used to Treat Insomnia
Antidepressants
The most commonly used off-label drugs for the treatment of insomnia are antidepressants [76] . Trazodone, amitriptyline, and mirtazapine are the 3 most widely used antidepressants, which are used at "lower doses" for insomnia than their standard antidepressant doses [76] . Although these drugs have complex and different neural receptor-binding profiles, their commonality in having anti-histaminic and anti-serotonergic activity is thought to be responsible for their sedating effects [77, 78] .
The major problem with using these drugs as hypnotics is that there is limited information regarding the dose range along which they improve sleep and their safety at those doses. A review of the literature indicates that there are no studies in primary insomnia with amitryptoline or mirtazepne, and there are only 2 studies with trazodone [79, 80] . Trazodone (150 mg) failed to reduce sleep latency or increase total sleep time, although it did decrease wake after sleep onset for the 3-week study [79] . In contrast, trazodone at a threefold lower dose (50 mg) reduced sleep latency and increased total sleep time, but the effect on total sleep time was present for only 1 week [80] . The inconsistency in dose effects on total sleep time and the apparent tolerance development raise concerns regarding the dose-related effects of trazodone as a hypnotic. The issue of a proper hypnotic dose is also illustrated with doxepin. Before doxepin was developed as a hypnotic, the doses recommended for use as a hypnotic were "low" (i.e., 25 to 50 mg). As previously described, the approved hypnotic doses (i.e., 3 and 6 mg) ended up being 4 to 8 times lower.
A second matter of concern in using antidepressants as hypnotics is their safety at "low" doses. The information regarding the safety of antidepressants comes from their use at antidepressant doses. At such doses, a variety of serious side effects ranging from suicidality, residual effects, anticholinergic effects (i.e., dry mouth, urinary retention, and hallucinations) to orthostatic hypotension, priapism, cardiac arrhythmias, and conduction abnormalities have been reported [81] [82] [83] . Whether "low doses" would carry the same risk profile is unknown. Given that there is no clear understanding in regard to the dose range for the hypnotic efficacy and safety of these drugs, it is recommended they not be used as hypnotics [5] .
Atypical Antipsychotics
The atypical antipsychotics quetiapine and olanzepine are also frequently used for the treatment of insomnia in nonpsychiatric patients. As with the antidepressants, these drugs affect multiple transmitter systems, but their sleep promoting effects are thought to be mediated by their antihistaminic activity. The concern for the use of these drugs, as with the other off-label drugs, is that there is limited information regarding efficacious and safe doses. There have been 3 open-label studies in primary or comorbid insomnia, suggesting improvement in self-reported sleep [84] [85] [86] . However, their safety is unknown. Although the risks of dopamine-associated movement disorders characteristic of typical antipsychotics are reduced with these atypical antipsychotics, a metabolic disorder is a known risk [87] . Again, given the limited information regarding the dose range for the efficacy and safety of these drugs, it is recommended they not be used as hypnotics [5] .
Off-Label BzRAs
Anxiolytic BzRAs are also often used as hypnotics with clonazepam, alprazolam, and lorazepam, the most commonly used off-label BzRAs. Although these drugs share the same mechanism of action with the hypnotic BzRAs, their hypnotic doses are not known, and given the pharmacokinetics of those that are long-acting (i.e., clonazepam and lorazepam), they are likely to produce residual effects. What may have been the reason to prescribe these drugs as hypnotics is that there are no limitations in regard to the duration of use. With the exception of hypnotics approved after 2005, the BzRA FDA indications all limited their use at 2 to 4 weeks. In an assessment of hypnotic prescribing practices in a large Michigan health maintenance organization, compared to zolpidem, the anxiolytic BzRAs were prescribed for longer durations and with more refills [88] . The recently approved hypnotics (i.e., escopiclone, zolpidem CR, zolpidem sublingual, rozerem, and low-dose doxepin) all have no duration limitations. As previously noted, there is no suggestion of tolerance development with long-term nightly use of the BzRA hypnotics. There is no advantage to using BzRAs off-label as hypnotics.
Treatment Considerations
Duration of Treatment
There has always been a clear agreement that the FDAapproved hypnotics are the appropriate pharmacological treatment for transient and short-term insomnia. However, a 2005 National Institutes of Health consensus conference led to a paradigm shift in understanding chronic insomnia and its treatment [5] . The conference concluded that approximately 10 % of the general population experiences chronic and persistent insomnia, and there is clear morbidity associated with chronic insomnia; for a small percentage of chronic insomniacs, their insomnia is a primary condition without precipitating psychiatric or medical disorders, and for the majority of chronic insomniacs, their insomnia coexists with other psychiatric and medical disorders with the degree of sleep disturbance contributing to the patient's overall clinical status.
The importance of identifying and treating chronic insomnia is evident in that it is a major risk factor for mood disorders [89] , and there is evidence that improved sleep is associated with a more rapid antidepressant response [90] and a reduced suicide risk [91] . In addition, there is some evidence that treating insomnia comorbid with various medical disorders improves the status of the medical condition [92] . Finally, when insomnia is comorbid, treating the comorbid condition alone will sometimes not lead to remission or improvement in the insomnia [93] .
As the previously described presentation indicates, the efficacy and safety profile of hypnotics is favorable and there is emerging placebo-controlled evidence that hypnotics remain effective with chronic use. However, this requires that physicians carefully discuss with their patients the chronic nature of their insomnia and the benefits and risks associated with chronic treatment. The treatment plan should also include instructions as to the timing of drug administration, nightly versus as needed use, and the various precautions as discussed in more detail as follows.
Specific Nature of Insomnia and Patient Characteristics
The diagnostic criteria for insomnia include complaints of initiating sleep, maintaining sleep, early morning awakening, or nonrestorative sleep. Patients may present with single or multiple sleep complaints and the nature of the complaints may vary with various patient characteristics. As examples, specific sleep onset problems are often seen in younger insomniacs, whereas sleep maintenance problems are more characteristic of insomnia in middle age or elderly patients. Sleep maintenance difficulty is often associated with sleep-related breathing disturbances or periodic leg movements, or it can be comorbid with chronic pain disorders. Early morning awakening is a complaint often associated with primary depression, as well as phase advance syndromes in the elderly.
The specificity or nonspecificity of the patient's sleep complaint can guide the physician in choosing the hypnotic. Some of the hypnotics have indications for sleep onset, some for sleep maintenance, some for both and more recently for falling back to sleep after an awakening (see Table 1 ). Once a specific hypnotic is chosen, consideration of the appropriate dose must be made. The lowest clinically indicated dose is chosen in light of the patient's age, comorbid medical conditions, and medications. Dose adjustments in the first week of treatment should be made by the physician in consultation with the patient. Generally, the patient should not be allowed to self-initiate dose adjustments.
A final and important consideration is the patient's previous history of response or nonresponse to hypnotics. If the patient has failed to respond to an appropriately chosen hypnotic and dose, further diagnostic assessment may be indicated. For example, insomnia is known to be associated with depression and anxiety disorders. In addition, the patient and clinician together may consider a cognitive behavioral insomnia treatment trial.
Nightly versus Non-Nightly Treatment Typically hypnotics have been prescribed to be taken nightly before sleep. Non-nightly treatment regimens (i.e., every third night or as needed) have been studied in several controlled trials. Non-nightly zolpidem was effective on the nights it was taken and on the off nights rebound insomnia was not experienced [94] . Non-nightly treatment regimens have been suggested due to concerns in regard to tolerance development and the development of physical/ behavioral dependence. As previously noted, tolerance does not readily develop, physical dependence is not observed, and a non-nightly treatment regimen did not alter the likelihood of behavioral dependence in a short-term study [95] . There is no clear advantage to non-nightly treatment regimens, at least in regard to the risks of tolerance or abuse. Patients are generally conservative in their use of hypnotics; in an as needed treatment regimen condition, patients took hypnotics 3 to 5 nights a week [88] . The nightly versus nonnightly choice can be made based on the patient's preference and comfort.
Middle of the Night
The principle complaint of some insomniacs is difficulty returning to sleep after a major awakening in the middle of the night. Most recently a hypnotic has been approved by the FDA for use in the middle of the night (see Table 1 ). Studies show that this drug with a short half-life and a novel formulation will hasten the return to sleep after an awakening in the middle of the night [17] . Of course, to avoid residual effects the next morning, the caution is made that the patient is able to remain in bed for an additional 4 to 5 h.
Abuse Liability Signs
As previously discussed, there is an abuse liability associated with the BzRA hypnotics. The 2 FDA-approved nonBzRAs that not scheduled have limitations in regard to their indications, 1 being only for sleep onset and the other 1 only for sleep maintenance insomnia (see Table 1 ). Therefore, a BzRA may be the preferred drug. In assessing clinical reports of physical/behavioral dependence on BzRAs, 2 important signs were identified [43] . In many cases within the first week of treatment the dose was escalated much beyond the indicated clinical hypnotic dose. This pattern suggests that other effects of drug, beyond its sleep-inducing effects, were being sought. Hence, the earlier guidance to closely monitor the patient during the first week of use and not allow patient-initiated dose adjustments. The second sign was that the drug was used during the daytime with multiple daytime doses being taken, again suggesting nonhypnotic drug effects that were being sought.
Precautions and Contraindications
The important contraindications for hypnotic pharmacotherapy include advanced hepatic disease and pregnancy, and the precautions include concomitant illnesses, such as sleep apnea syndrome and concomitant-sedating medications. A special consideration is taken with patients who have histories of drug or alcohol abuse with difficulty sleeping, particularly sleep maintenance, which is a chief complaint among abstinent alcohol and drug abuse patients; these disturbances can continue for a year or more. The nonBzRA, low-dose doxepin, may be an option, although as previously noted, it may have a dependence potential. If the physician considers the use of a BzRA hypnotic in an outpatient setting, the patient must be monitored closely beyond the initial week of use. Within the alcohol and drug abuse treatment, community stress-induced relapse is a wellrecognized phenomenon that can occur after months of successful abstinence. In such cases, the experience of new life stresses can induce a relapse to drug and alcohol abuse.
Investigational and Emerging Pharmacotherapies
Most of the approved hypnotics previously discussed act by enhancing or signaling the neurobiological mechanisms that control sleep. New emerging pharmacotherapies have begun to focus on antagonizing known wake neurobiological mechanisms, including histamine, serotonin, and orexin. The recently approved hypnotic, low-dose doxepin, at the approved low doses is primarily a histamine antagonist, as previously noted. A new study of an orexin antagonist reported a dose-related increase in the total sleep time of men with insomnia [96] . Earlier studies explored the hypnotic potential of antagonizing serotonin receptor subtypes. For example, a 5-HT2 antagonist was shown to increase slow wave sleep, but did not increase sleep time [97] .
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